Summary Human papillomavirus (HPV) typing and quantitation by polymerase chain reaction was performed on exfoliated cells from 133 women referred for colposcopy because of an abnormal smear. High levels of HPV 16 correctly predicted cervical intraepithelial neoplasia (CIN) grade II-III in 93% of its occurrences, but only 59% of cases of CIN III were associated with high levels of this type. Eighty-four per cent of CIN III lesions contained high levels of at least one of HPV types 16, 18, 31, 33 and 35, but the other types were less specific for CIN III than HPV 16. Overall HPV testing compared favourably with cytology for predicting high-grade CIN lesions, but it would appear that some combination of the two modalities will produce better performance than either alone. In particular, HPV testing appears to be helpful in determining which women with mildly abnormal smears have high-grade underlying lesions in need of immediate referral for colposcopy.
Cytological screening for cervical dysplasia is an effective method of reducing the incidence of and mortality from cervix cancer (Hakama, 1982; IARC Working Group, 1986; Laara et al., 1987; Hakama et al., 1991) . However, it is not a perfect screening method and suffers from several problems. A major problem is how to deal with the large number of borderline and mildly dyskaryotic smears which have a highly variable underlying pathology. On biopsy about a third of these smears are found to arise from major grade lesions (CIN II/III), another third have CIN I lesions and the remainder are normal or show very minor changes. Cytology also misses lesions, especially smaller lesions (Barton et al., 1989; Szarewski et al., 1991) . Possibly these can be safely left until the next routine smear, but invasive cancer can also be missed (Mitchell et al., 1990) . Lastly, on the scale practised today, cytological examination of slides for dyskaryotic changes is a time-consuming, tedious and eye-fatiguing activity leading to difficulty in recruiting and keeping staff, and making the cost-effectiveness of the programme less favourable than it might be.
In the past two decades much effort has been devoted towards trying to automate and simplify the preparation and reading of smears, and several prototype computer-assisted screening systems are under evaluation (Banda-Gamboa et al., 1992) . However, none is currently in routine use, and interest in alternative or complementary modalities is high. The most thoroughly evaluated among these is cervicography (Stafl, 1981; Tawa et al., 1988; Szarewski et al., 1991) , which is highly sensitive but does not appear to be sufficiently specific. However, the possibility that has stimulated the most interst is the detection and typing of HPV DNA in exfoliated cervical cells Schiffman et al., 1991; van den Brule et al., 1991; Koutsky et al., 1992) . Using modern polymerase --chain reaction (PCR)-based methods, several recent studies have found an extremely strong association between high-risk types of HPV and cervical cancer (Mufioz & Bosch, 1992; Munioz et al., 1992) . However, some investigators (Meanwell et al., 1987; Young et al., 1989) have observed a high proportion of HPV-positive smears in the normal population, and this has raised doubts as to its usefulness in a screening context. One explanation for this is the extreme sensitivity and proneness to contamination of the PCR assay method, which is capable of detecting extremely small amounts of HPV DNA (Gravitt & Manos, 1992) .
These very low levels of virus appear to be common and may not be related to disease. In a previous report (Cuzick et The semiquantitative PCR method was carried out as previously described (Terry et al., 1993 Figure 1 .
The PCR primers used in this study were chosen from the literature to be type specific. This was confirmed using cloned HPV plasmids and by the results obtained on clinical specimens which contained very high levels of only one of the tested HPV types. Many specimens have also been tested using alternative type-specific primer pairs and give entirely consistent results with those presented here.
Both Antisense: 5'-TAACTGTTTGTTGCATTGT-3'
397-379 Lorincz et al. (1991) years of this value). All specimens contained amplifiable DNA when tested using ,B-globin PCR primers. Only one HPV 6-positive patient was found, and she had a history of condyloma acuminatum. No cases of HPV 11 infection were detected. The relationship of the remaining types to histological diagnosis is shown in Table III . Since the relationship between HPV and histological diagnosis did not appear to be related to the grade of referral cytology (see Table V conducted among an unselected group of women referred for colposcopy because of an abnormal smear. We found that high levels of HPV 16 in the smear almost always predicted CIN II/III lesions, whereas low-level infections were not helpful in this regard. Similar results have also been found in cervical biopsies (Terry et al., 1993) . The results were similar for all grades of cytological referral, suggesting that they may also be applicable to women with a single mildly dyskaryotic smear, and that a high level of HPV 16 in the presence of any degree of dyskaryosis is grounds for immediate referral for colposcopy. Recent results from Bavin et al. (1993) also support this view. However, the lack of high levels of HPV 16 did not indicate the absence of high-grade disease, since this was found in about 40% of the CIN III patients. Many of these (11/25) had severe dyskaryosis, which is also a clear sign for immediate referral. The other HPV types were helpful in picking up the remainder, but they were not so specific and their value in augmenting cytology for borderline and mild disease is less clear. In this regard HPV 31 appeared to be the most useful, but larger studies will be needed to clarify this question. Our data also suggest that a lower threshold may be appropriate for HPV 31, but again further experience is needed here.
The PPV for HPV 18 was similar to that for HPV 31 and HPV 33 but lower than that for HPV 16. This is somewhat surprising given its high oncogenic potential . In view of its relative rarity and the moderate sample size available, this could be a chance observation. However, HPV 18 is associated with endocervical lesions and adenocarcinoma (Stoler et al., 1992) , and it is possible that small early lesions were not yet apparent on colposcopy and thus not biopsied. Follow-up of the HPV 18-positive women will help to clarify this point. The high ratio of low-level to high-level infections for HPV 18 in this study is not a reflection of any lack of sensitivity of the primers but may reflect the cut-off point chosen for evaluation. This was based primarily on the level of HPV 16 shown to be correlated with high-grade disease since more data are available for HPV 16. We have not encountered any problems attributable to PCR inhibitors in the DNA extracts, as results using P-globin primers and negative specimens spiked with HPV plasmid DNA have shown. This may be because the wooden spatula is discarded after agitation in PBS and the DNA was extracted extensively prior to PCR. Multiple infections appeared to be more frequent amongst these patients than in other studies. This may be due to the use of type-specific primers, which would have a higher detection rate for multiple types than methods based on a single amplification with consensus primers.
We have based all our analyses on the 'gold standard' of histology. It is possible that disease was missed on biopsy in some cases and could not be visualised on colposcopy in others. This could have led to an under-representation of disease, especially low-grade disease, in our series. Further follow-up will help to resolve this question.
This study suggests that HPV testing may usefully augment cytology by helping to decide which women with a mild abnormality need immediate referral. The much larger question of the role of HPV testing in routine screening has not been addressed by this study. Here the problem of specificity is more acute and any useful addition of cytology will have to have a low false-positive rate. We have simplified the DNA extraction procedure without compromising accuracy (Cuzick et al., 1992b ) and adopted microtitre formatted PCR to address this and other questions in a large-scale ongoing study.
